An experiment was conducted to test the hypothesis that, when nitrogenase and nitrate reductase both contribute to the nitrogen nutrition of a nodulated legume, nitrogenase activity is inversely proportional to the rate of accumulation of organic nitrogen derived from the reduction of nitrate. Trifolium subterraneum L. plants, inoculated with Rhizobium trifolii and sown as small swards, were allowed to establish a closed canopy and steady rates of growth, dinitrogen fixation, and nitrogen accumulation. Swards were then supplied with nutrient solutions of 0, Subterranean clover (Trifolium subterraneum L.) like many other legumes can derive the nitrogen it needs for growth from the reduction of N2 in its root nodules or by the assimilation of nitrate (5, 9). In the absence of mineral nitrogen the rate of N2 fixation is largely determined by the growth rate (13). When environmental conditions are constant, as in a plant growth chamber, the growth rates of young communities (swards) with a closed canopy are also near constant and largely independent of the nitrogen source (14) . 
NO3 concentration the rate of nitrogenase activity decreased proportionately. It is concluded that the reduction of nitrate and the reduction of dinitrogen act in a complementary manner to supply a plant with organic nitrogen for growth.
Subterranean clover (Trifolium subterraneum L.) like many other legumes can derive the nitrogen it needs for growth from the reduction of N2 in its root nodules or by the assimilation of nitrate (5, 9) . In the absence of mineral nitrogen the rate of N2 fixation is largely determined by the growth rate (13) . When environmental conditions are constant, as in a plant growth chamber, the growth rates of young communities (swards) with a closed canopy are also near constant and largely independent of the nitrogen source (14) .
The source of the nitrogen reduced by the plants can readily be changed from N2 in well-nodulated plants to nitrate by the simple addition of NO3-to the nutrient solution (16) . When this was done with subterranean clover (17) it was found that nutrient solutions ranging from 0.5 to 7.5 mm NO3-reduced NA' over a period of 3 to 7 d when acetylene reduction rates were compared with control plants receiving 0 mm NO3-. The 10 and 40 min. The rates of production of both H2 and of ethylene in this system were previously found to be constant over the assay period (17) . After AR assay, plants were separated into root and shoot, dried at 85°C, weighed,and prepared for analysis by grinding. Total N was estimated by Kjeldahl digestion and organic N by the difference between total N and NO3-N.
Nitrate was estimated after its reduction to NO2-with an Escherichia coli sample (6) . Aliquots of extracts were incubated for 4 h at 450C with 25 mm K-phosphate (pH 7.5), 0.1 M Na formate, and adequate E. coli sample to give complete reduction of NO3-. Nitrite was estimated as described by Hageman and Reed (4).
'IN was estimated as described by Michalski and Nicholas (7).
Samples were digested as for Kjeldahl analysis, a 5 ml aliquot was steam distilled, and 2 mg N as (NH4)2SO4 were added to provide spiker N as a carrier. Samples were then dried in the oven for several days. Five ml of distilled water were added to each sample, the sample dissolved and then transferred to small sample vials and dried again. The samples were then analyzed for 'sN incorporation with a VG Micromass 602E spectrometer (Middlewich, Cheshire, UK).
RESULTS
The accumulation of organic N by each sward after the application of '5NO3 is shown in Figure 1 . Plants receiving 2.5 mm NO3-accumulated N a little faster than did those receiving 1.0 and 0.5 mm which in turn were marginally faster than the control plants which reduced only N2 (O mm NO3-). This is consistent with previous results showing that the addition of NO3-to the nutrient solution of subterranean clover results in a slightly higher growth rate and a slightly higher N content (14) .
Values for percentage organic N for root and shoot are given in Figure 2 . In both plant parts, N concentration increased slightly with time where NO3-was supplied so that at day 33 the shoot fraction of the plants receiving 2.5 mm NO3-contained about 3.5% N compared with about 3.1% for the control.
The amount of '5N accumulated from the NO3-ofthe nutrient solutions is shown in Figure 3 . Since NO3-ofthe external mineral solution was the only labelled N used, measurement of the "5N in the organic fraction can be taken as an estimate of N03 assimilated into dry matter. After application of NO3-, the inward flux of NO3-and its reduction was apparently steady with time and the rate proportional to the external concentration.
A major practical objective in this experiment was to obtain a constant rate of NA for each level of NO3-applied for a period of about 20 d of growth so that rates of accumulation of organic N, reduction of '5NO3-, and N2 fixation could be measured simultaneously. Indeed the levels of NO3-applied were chosen from previous experience (17) N2 fixation becomes operative (15) . The fact that an effective of N2 fixation during the steady state period symbiosis can be established by a great many legumes in the s plotted as a function of the rate of accu-presence of soil mineral nitrogen shows that NO3-does not have N from the nutrient solution, it is clear (Fig. a completely inhibitory effect on N2 fixation early in ontogeny. was increasingly made available to plants by Experiments similar to that reported here, which involve a nal [NO3-] above 0 mM, N2 fixation was switch-over from N2 fixation to reduction of NO3-after a symtely. At 2.5 mm NA was almost completely biosis is well established, show a markedly depressive effect of NO3-application on NA. Decrease in NA is considered to be due either to an accumulation of inhibitory nitrite or to the DISCUSSION diversion of assimilate from processes in the nodule to the assimilation of NO3-elsewhere in the plant. However, the conow of the interaction between external NO3-tinued functioning of nitrogenase at low [NO31, the fact that les is that at 'low' concentrations, NO3-ions NA recovers after the removal of the inhibiting NO3- (17) , and dulation and thus N2 fixation, but at 'high' the depression of NA by NH4' ions, tend to disfavor the NO2 is reduced to near zero (2, 8) . These contra-hypothesis in whole-plant systems.
nd inhibitory effects of NO3-have not been
Quantitative examination of the accumulation of reduced N whole-plant systems.
by swards of subterranean clover (17) of the legume on the process of N2 fixation and reducing the 0 influence of NO3-. Legumes could then be used effectively to increase soil fertility up to extremely high levels.
